INTRODUCTION
============

Osteoarthritis (OA) is the most common joint disease worldwide, affecting approximately 10% of men and 18% of women over 60 years of age.^[@R1],[@R2]^ Multiple factors, including advanced age, excess body weight, repeated trauma or surgery to the joint structures, abnormal joints at birth, gout, diabetes, and hormone-related disorders, have been demonstrated to contribute to increased risk of OA.^[@R3],[@R4]^ Previous epidemiological studies from twin-pair and family-based segregation analyses have provided clear evidence of a heritable component in susceptibility of OA. However, the specific genetic factors that lead to OA are currently largely unknown. It therefore remains a challenge to identify candidate genes or risk alleles that contribute to OA pathogenesis.

Identification of candidate genes responsible for numerous monogenic disorders has been successful over the past decades with the technology of positional cloning.^[@R5],[@R6]^ Similar strategy has been used to target many complex diseases, including asthma, heart disease, cancer, and OA.^[@R5],[@R7],[@R8]^ However, due to lack of suitable genetic markers, not many candidate genes have been identified that show a clear OA etiology. Single nucleotide polymorphisms (SNPs) are common genomic DNA variations within a population. SNPs, in combination with genome-wide association studies (GWAS), have significantly accelerated complex disease gene localization.^[@R5],[@R8],[@R9]^ SNPs of genes *COL11A1*, *VEGF, GDF5*, and IL-8, etc., have been associated with OA. Given the heterogeneity and complexity of OA, it is not surprising that these gene polymorphisms showed different levels of association with increased risk of OA. Some polymorphisms may be specific to OA subtypes (hip-, knee-, or hand-OA) and ethnic groups, but the results are with a wide range of discrepancy.

Recently, multiple studies have indicated an association of double von Willebrand factor A domains (DVWA) gene with susceptibility to OA. DVWA gene variants encode 2 protein isoforms, the long (L-DVWA, 385 amino acids) and short (S-DVWA, 276 amino acids) proteins. DVWA protein is predicted to have 2 domains homologous to the VWA domain, which typically is involved in cell adhesion and protein--protein interactions.^[@R10],[@R11]^ Interestingly, L-DVWA and S-DVWA were mainly expressed in articular cartilage, suggesting a potential function of these isoforms in OA.^[@R12]^ Indeed, DVWA has been associated with susceptibility to knee OA and linked to OA etiology, possibly by interacting with β-tubulin. Data from later replication study and meta-analyses of one of the DVWA polymorphisms further confirmed its association with OA in European and Asian populations.^[@R13]^ However, no significant association between DVWA and OA was found in UK patient samples and neither independent association with OA was observed in Europeans.^[@R14]^ In addition, there are multiple SNPs in DVWA gene with allelic difference. The association between DVWA and OA has been inconsistent due to allelic effect and effect size of case-controlled studies analyzed.^[@R14]^

In this study, we summarized and analyzed the SNPs that have recently been associated with OA and calculated their ORs with OA susceptibility. We also provided an updated and comprehensive meta-analysis to evaluate the association of SNP rs7639618 of DVWA with OA susceptibility with consideration of publication bias and the source of heterogeneity.

MATERIALS AND METHODS
=====================

Literature Search
-----------------

A systematic search of studies on the association of SNPs with susceptibility to OA was conducted in PubMed and Google scholar. "Single Nucleotide Polymorphism", "SNP", and "Osteoarthritis" were used as key words for the searching. The odds ratios (ORs) with 95% confidence intervals were calculated on the basis of data provided in the literature. For meta-analysis, the PubMed was searched for eligible articles up to the end of June 2015. Following keywords were used for the searching "polymorphism", "SNP", "rs7639618", "von Willebrand factor A domains", "DVWA", "Osteoarthritis", "OA." Google academic searching was also performed to obtain additional information.^[@R15]^

Study Selection
---------------

Studies subjected to meta-analysis were selected according to the following inclusion criteria: human studies; studies investigating the association between the SNP rs7639618 and osteoarthritis (OA); case-control studies providing sufficient data on genotypes to calculate an OR; the genotype distribution of the control population met the Hardy--Weinberg equilibrium (HWE) model. Two reviewers were assigned to independently assess the studies using the inclusion criteria and disagreement was subjected to discussion with a third reviewer for a consensus agreement.

Data Extraction
---------------

The following data were collected from each eligible study: name of first author, years of publication, ethnicity, OA sites, HWE, number of cases and controls, genotype frequency in cases and controls. Different ethnicity descents were classified as Caucasian and Asian. When HWE in the controls was not reported, an online program (https://ihg.gsf.de/cgi-bin/hw/hwa1.pl) was used to test the HWE by *χ*^2^ test for goodness of fit.^[@R16]^

Evaluation of the Study Quality
-------------------------------

The quality of the studies was evaluated by 2 reviewers according to the predefined scale for quality assessment, which was modified from previous meta-analysis.^[@R16],[@R17]^ In this scale, 5 items, including the representativeness of cases, source of controls, sample size, quality control of genotyping methods, HWE, were carefully checked. Total scores were recorded with a range from 0 to 10 and a higher score indicated a better quality of the study. Any disagreement of the score was modified based on discussion between the 2 reviewers.

Statistical Analysis
--------------------

Crude ORs together with their corresponding 95% CIs were used to assess the strength of association between the rs7639618 SNP and the risk of OA. The pooled ORs were calculated for allelic comparison (A versus G), heterozygote model (GA versus GG), homozygote model (AA versus GG), dominant model (AA+GA versus GG), recessive model (AA versus GA+GG), respectively. Heterogeneity among the trials was analyzed in this study using the Q statistic (significance level of *P* value \<0.10) and the *I*^2^ test (greater than 50% as evidence of significant inconsistency). When significant heterogeneity (*P* \< 0.10 or *I*^2^\>50%) was achieved, the random effect model was used to combine the effect sizes of the included studies. If no significant heterogeneity was found, fixed effect was selected to pool the data. Meta-regression analysis was performed to detect the source of heterogeneity. The variance (τ^2^) between studies was used to quantify the degree of heterogeneity and the percentage of τ^2^ was used to describe the extent of heterogeneity.^[@R17],[@R18]^ Sensitivity analyses were performed to identify individual study effect on pooled results and test the reliability of results.^[@R17]^ In addition, subgroup analyses were stratified by ethnicity. Potential publication bias was estimated using the Begg test and a forest plot was used to analyze and display the results. All calculations were measured and analyzed using the STATA (version 11.0).

Ethical Statement
-----------------

No ethical approval was needed for this manuscript, as the data used in this review and the meta-analyses have all been published.

RESULTS
=======

Multiple SNPs From a Number of Genes are Associated with OA
-----------------------------------------------------------

Based on the quality of the studies and the selection criteria as described above, we summarized most of the SNPs that have recently been linked to OA susceptibility. As illustrated in Figure [1](#F1){ref-type="fig"}, there are 56 SNPs from 50 genes or gene loci that have been associated with OA or OA subtypes. Specifically, 23 SNPs from 21 genes, including *COL11A1* (rs1241164, rs4907986, rs2615977),^[@R19],[@R20]^*VEGF* (rs833058), and *IGF1* (rs2195239) etc., are associated with hip OA; 20 SNPs from 17 genes, including *GDF5* (rs143383), *ADAMTS14* (rs4747096), and *DVWA* (rs7639618, rs11713836, and rs3773472), etc., are frequently seen in knee OA; while individuals containing 13 SNPs of 12 genes, including *IL8* (rs4073, rs2227306), *TGFβ1* (2227306), and *SMAD3* (rs12901499), etc., tend to develop both hip and knee OA. These results demonstrate involvement of multiple SNPs/genes in susceptibility to OA and its subtypes.

![Multiple polymorphisms are associated with the risk of OA. Illustrated are 56 SNPs from 50 genes that have been linked to OA risk. Among these, 23 SNPs from 21 genes have been associated with hip OA (pink ones); 20 SNPs from 17 genes are frequently altered in knee OA (green ones); while other 13 SNPs of 12 genes are reportedly associated with both knee- and hip-OA (yellow ones).](medi-95-e2811-g001){#F1}

Odds Ratios of Candidate SNPs Associated With OA
------------------------------------------------

To evaluate the strength of association with OA, we have summarized the crude ORs of each of the candidate SNPs with 95% confidence intervals (CIs). Listed in Table [1](#T1){ref-type="table"}  are detailed information about the names of associated genes, the SNP numbers, locations of OA (knee- or hip-OA), OR values, and literature source. Most of the SNPs associated with hip OA showed a value of odds ratio greater than 1.0, with SNP rs225014 of *DIO2* showing the highest value of 1.79 (1.37--2.34, Figure [2](#F2){ref-type="fig"}A, Table [1](#T1){ref-type="table"} ). The odds ratios of SNPs that are associated with knee OA were also calculated and most are above the value of 1.2 with SNP rs4747096 of ADAM12 showing the highest value of 1.84 (1.57--2.23, Figure [2](#F2){ref-type="fig"}B, Table [1](#T1){ref-type="table"} ). Similar results were observed for SNPs of genes that are associated with both knee and hip OA (Figure [2](#F2){ref-type="fig"}C, Table [1](#T1){ref-type="table"} ), although some SNPs showed an OR value less than 1.0 as seen in groups of hip- or knee-OA (Figure [2](#F2){ref-type="fig"}, Table [1](#T1){ref-type="table"} ). Together, these results suggest that multiple SNPs from a variety of genes showed different levels of association with knee and/or hip OA.

###### 

List of Genes and SNPs Associated With OA

![](medi-95-e2811-g002)
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![The odd ratios (OR) of the SNPs associated with OA or OA subtypes. A, The ORs of most of the SNPs associated with hip OA showed a value greater than 1.0. SNP rs225014 of *DIO2* showed the highest value of 1.79 (1.37--2.34). B, The ORs of SNPs associated with knee OA were mostly above the value of 1.2. SNP rs4747096 of ADAM12 showed the highest value of 1.84 (1.57--2.23). C, SNPs of genes associated with both knee and hip OA showed similar OR values. The OR value of SMAD3 is only available for individual knee- or hip-OA.](medi-95-e2811-g004){#F2}

Eligible Studies Selected for Meta-Analysis of DVWA and OA
----------------------------------------------------------

By searching the PubMed and Google scholar database using above key words (SNP, rs7639618, DVWA, and OA), we have identified approximately 50 relevant papers, including 38 studies that potentially show an association between DVWA and OA. After exclusion of duplicated studies and improper studies determined by reading the title and abstracts, 9 studies meet the selection criteria. Due to lack of genotype frequency in 2 of the studies, 7 studies were eventually subjected to meta-analysis of the association between SNP rs7639618 of DVWA and OA. The detailed process of literature screening is outlined in Figure [3](#F3){ref-type="fig"}. In these studies, 9500 OA cases and 9365 controls were identified according to the inclusion and exclusion criteria. Six knee-OA-related studies contained information from 6807 knee OA cases and 7785 controls,^[@R13],[@R14],[@R21]--[@R24]^ while 3 studies involving hip OA include 2693 hip OA cases and 1580 controls.^[@R13],[@R14],[@R25]^ The HWE of genotype distribution in the controls was tested in all studies and they were all in consistent with HWE. Detailed information about the OA types, the year and countries the studies conducted, allelic difference, power of HWE, and the quality score of the studies is provided in Table [2](#T2){ref-type="table"}.

![Flow chart of study selection. Studies selected for current meta-analysis are as illustrated. Thirty-eight studies from 50 relevant papers show a potential association between DVWA and OA. Only 9 studies meet the selection criteria. Seven studies were eventually subjected to meta-analysis as 2 of the studies lack genotype frequency.](medi-95-e2811-g005){#F3}
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SNP rs7639618 is Significantly Associated with Knee OA
------------------------------------------------------

Through meta-analysis of SNP rs7639618 of DVWA, we observed a significantly increased risk of knee OA susceptibility in allelic comparison in Asians (A versus G: OR = 1.16, 95% CI 1.04--1.30 Figure [4](#F4){ref-type="fig"}). The OR values for each of the allelic models are listed in Table [2](#T2){ref-type="table"} and illustrated in Figure [5](#F5){ref-type="fig"}A (homozygote model, AA versus GG: OR = 1.39, 95% CI 1.10--1.76), Figure [5](#F5){ref-type="fig"}B (heterozygote model, GA versus GG: OR = 1.20, 95% CI 1.11--1.30), Figure [6](#F6){ref-type="fig"}A (recessive model, AA versus GA+GG: OR = 1.26, 95% CI 1.05--1.50), and Figure [6](#F6){ref-type="fig"}B (dominant model, AA+GA versus GG: OR = 1.20, 95% CI 1.04--1.39). As shown in Table [3](#T3){ref-type="table"}, there was significant heterogeneity between studies, ranging from 0 to 0.029. We therefore performed subgroup analysis according to ethnicity. No heterogeneity was shown in heterozygote model and thus, a fixed model was applied for its pooled OR. For other allelic models that show significant heterogeneity, a randomized effect model was used. The results showed that there was a statistically increased knee OA risk in all allelic models (A versus G: OR = 1.28, 95% CI 1.13--1.46, Figure [4](#F4){ref-type="fig"}; AA versus GG: OR = 1.60, 95% CI 1.25--2.05, Figure [5](#F5){ref-type="fig"}A; GA versus GG: OR = 1.31, 95% CI 1.18--1.44, Figure [5](#F5){ref-type="fig"}B; AA versus GA+GG: OR = 1.34, 95% CI 1.12--1.61 Figure [6](#F6){ref-type="fig"}A; AA+GA versus GG: OR = 1.40, 95% CI 1.19--1.64, Figure [6](#F6){ref-type="fig"}B and Table [3](#T3){ref-type="table"}). The results in Asians were similar to that of overall comparisons of pooled eligible researches (Table [3](#T3){ref-type="table"}), while in Caucasians, even with increased sample size, there is no significant association in any allelic models compared as illustrated in Figure [4](#F4){ref-type="fig"} (A versus G: OR = 1.00, 95% CI 0.87--1.16), Figure [5](#F5){ref-type="fig"}A (AA versus GG: OR = 0.96, 95% CI 0.61--1.51), Figure [5](#F5){ref-type="fig"}B (GA versus GG: OR = 1.04, 95% CI 0.92--1.19), Figure [6](#F6){ref-type="fig"}A (AA versus GA+GG: OR = 0.95, 95% CI 0.62--1.46), Figure [6](#F6){ref-type="fig"}B (AA+GA versus GG: OR = 1.00, 95% CI 0.82--1.22), and Table [3](#T3){ref-type="table"}. Together, these results support that SNP rs7639618 of DVWA was only associated with an increased risk of knee OA in Asians.

![Forest plot of allele comparison of DVWA rs7639618 for overall comparison (A versus G, association of rs7639618 and knee OA). SNP rs7639618 is associated with a significantly increased risk of knee OA in allelic comparison in Asian (A versus G: OR: 1.16, 95% CI 1.04--1.30), and in all allelic models (A versus G: OR: 1.28, 95% CI 1.13--1.46), but not in Caucasians (A versus G: OR: 1.00, 95% CI 0.87--1.16).](medi-95-e2811-g007){#F4}

![Meta-analysis of the association rs7639618 and knee OA. A, Forest plot of homozygote model for overall comparison (AA versus GG: OR: 1.39, 95% CI 1.10--1.76). B, Forest plot of heterozygote model for overall comparison (GA versus GG: OR: 1.20, 95% CI 1.11--1.30).](medi-95-e2811-g008){#F5}

![Meta-analysis of the association rs7639618 and knee OA. A, Forest plot of recessive model for overall comparison (AA versus GA+GG: OR: 1.26, 95% CI 1.05--1.50). B, Forest plot of dominant model for overall comparison (AA+GA versus GG: OR: 1.20, 95% CI 1.04--1.39).](medi-95-e2811-g009){#F6}
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No Significant Association Between SNP rs7639618 and Hip OA
-----------------------------------------------------------

The association between SNP rs7639618 of DVWA and the risk of hip OA was analyzed in 3 independent studies. Random-effects model was used in the dominant model and heterozygote model due to the presence of heterogeneity, while fixed-effects model was used in other models without significant heterogeneity. Overall, no significant association was identified in any of the allelic models analyzed (A versus G: OR = 0.98, 95% CI 0.89--1.08, AA versus GG: OR = 1.03, 95% CI 0.77--1.37, GA versus GG: OR = 0.89, 95% CI 0.74--1.07, AA versus GA+GG: OR = 1.10, 95% CI 0.85--1.41, and AA+GA versus GG: OR = 0.91, 95% CI 0.75--1.09, Figure [7](#F7){ref-type="fig"}). Five studies in 2 papers were carried out in Caucasian population. Subgroup analysis of Caucasian population was also assessed, and there is no significant association between SNP rs7639618 and hip OA in any allelic models analyzed (A versus G: OR = 1.00, 95% CI 0.89--1.12, AA versus GG: OR = 1.25, 95% CI 0.83--1.89, GA versus GG: OR = 0.91, 95% CI 0.73--1.13, AA versus GA+GG: OR = 1.27, 95% CI 0.84--1.92, and AA+GA versus GG: OR = 0.92, 95% CI 0.74--1.15, Figure [7](#F7){ref-type="fig"}).

![Forest plot of allele comparison of DVWA rs7639618 for overall comparison (A versus G, association of rs7639618 and hip OA). No significant association between SNP rs7639618 and hip OA in any allelic models was detected (A versus G: OR: 1.00, 95% CI 0.89--1.12, AA versus GG: OR: 1.25, 95% CI 0.83--1.89, GA versus GG: OR: 0.91, 95% CI 0.73--1.13, AA versus GA+GG: OR: 1.27, 95% CI 0.84--1.92, and AA+GA versus GG: OR: 0.92, 95% CI 0.74--1.15).](medi-95-e2811-g011){#F7}

Test of Heterogeneity and Sensitivity
-------------------------------------

As significant heterogeneity was shown between studies in each comparison, we therefore investigated the source of heterogeneity by ethnicity, year of report, and sample size using meta-regression analysis and subjected to allelic comparison (A versus G). Studies containing more than 1000 participants were categorized as "large," while studies with less than 1000 participants were categorized as "small." Meanwhile, group of cases with an average age greater than 65 were categorized as "high-risk," while cases younger than 65 were assigned to "low-risk" group. Group of "mixed" cases indicate that no data of age are available. The results suggested that ethnicity (*P* = 0.002), group average age (*P* = 0.024), and the year the study conducted (*P* = 0.038), but not the sample size (*P* = 0.438), contributed to the source of heterogeneity. In addition, ethnicity, the average age, and year of study could explain 37% of the variance (τ^2^). We also performed sensitivity analysis to evaluate whether the present meta-analysis is stable and the results showed that no individual study affected the pooled OR (Figure [8](#F8){ref-type="fig"}A).

![The result of sensitivity and Funnel plot analysis. A, Sensitivity analysis showed no individual study affected the pooled OR. B, Funnel plot analysis showed no potential publication bias.](medi-95-e2811-g012){#F8}

Publication Bias
----------------

A Begg funnel plot and a Begg test were used to assess for publication bias for all allelic models. The result showed no obvious asymmetry, indicating no publication bias (Figure [8](#F8){ref-type="fig"}B).

DISCUSSION
==========

OA is characterized by progressive cartilage matrix degradation, subchondral bone sclerosis, and osteophyte formation.^[@R26],[@R27]^ These are nonreversible processes due to the limited repair capacity of cartilage. With the disease advances, pain becomes the most prominent symptom which is almost unbearable and eventually leads to joint replacement.^[@R27]^ Thanks to the better life and medical conditions, people live longer nowadays, but it also raises the incidence and the population suffering from OA. Hence, OA is a major source of pain, disability, and a tremendous socioeconomic burden worldwide.^[@R1]^ Unfortunately, given the heterogeneity of multiple subtypes and the complexity of OA pathogenesis, it remains a challenge to find unanimous biomarkers that help with the early diagnosis and targeted therapy for all OA patients. Recently, personalized medicine becomes a hot topic in health care and may be achieved due to existence of SNPs, the most common genetic variations, within a population.^[@R28]^ There are many SNPs within different genes that have shown various associations with OA. Identification of these gene SNPs and their correlation with OA would further our understanding of the molecular mechanisms involved in the pathogenesis of OA, so as to develop better diagnostics and more targeted therapy at early stages of OA.

In this effort, we provided an overview of multiple SNPs in association with OA susceptibility. We identified more than 50 SNPs from a number of genes that have been linked to either hip (COL11A1, VEGF, etc.), or knee (COL9A3, ASPN, GDF5, etc.), or both (IL-8, TGF-β1, etc.) OA. Among these genes, *GDF5*, which encodes the growth differentiation factor 5, is a member of the transforming growth factor-β superfamily. GDF5 has previously been shown to play a role in development and maintenance of bone and cartilage.^[@R14]^ Notably, SNP rs143383 of GDF5 is known to be associated with high risk of OA.^[@R14]^ The difference of GDF5 SNPs in relationship with OA subtypes and ethnic groups was also observed.^[@R29]^ In a recent GWAS associated meta-analysis of OA candidate genes, *COL11A1* and *VEGF* were significantly associated with OA. Interestingly, SNPs rs4907986 and rs1241164 of *COL11A1* and SNP rs833058 of *VEGF* all showed association with hip OA.^[@R14]^ It was previously shown that mutation in *Col11a1* may cause deposition of degraded type II collagen in articular cartilage and eventually lead to OA.^[@R30]^ While it is relatively established for a role of GDF5, COL11A1, and VEGF in OA pathogenesis, the association between SNPs of these genes with OA susceptibility is not always consistent. SNP rs2615977 of COL11A1 was also shown to be associated with OA. However, another COL11A1 SNP rs1676486, which has been linked to lumbar disc herniation (LDH, also a degenerative musculoskeletal disease), was found not associated with OA.^[@R20]^ In our analysis, we tried to summarize most of the gene SNPs that have shown some correlation with OA or its subtypes. The OR of many of these SNPs/genes are not always consistent, further meta-analysis of multiple studies may overcome the limited sample size and inadequate statistical power of single case-control studies to provide more reliable results.^[@R31]^

DVWA gene contains multiple SNPs, including rs11718863, rs7639618, rs7651842, rs7639807, rs17040821, etc. These SNPs may cause protein functional changes or diseases, as described in studies associated with OA.^[@R21]^ However, as indicated above, the results of their association with OA are not consistent. In this study, we specifically analyzed the association of SNP rs7639618 of DVWA with OA through comprehensive meta-analysis. We have analyzed all available eligible studies that include 9500 OA cases and 9365 controls. Our results confirmed that SNP rs7639618 is associated with a significantly increased risk of knee OA, especially in Asian populations. Similar results were found in subgroup analysis by ethnicity. No evidence was found for the association between rs7639618 SNP and hip OA susceptibility in any genetic allelic models. We have performed heterogeneity analysis and the results showed that ethnicity, average age of case group, and the year of the study were the source of heterogeneity. When we restricted the ethnicity to Asian, there was also heterogeneity, suggesting that ethnicity was not the main source of heterogeneity. We have shown that ethnicity, age, and year of study account for 37% of the variance (τ^2^) by meta-regression analysis, while the sensitivity analysis demonstrated that our meta-analysis is stable. In addition, no limitation was made in the search, and the selection bias was well controlled as demonstrated by Begg funnel plot analysis, which showed no publication bias.

In summary, it should be noted that due to limited number of studies on SNP rs7639618 and OA, the relatively small sample size may affect the power and statistics of the meta-analysis.^[@R32]^ The heterogeneity in some of the genetic/allelic models also needs to be treated with caution when interpreting the results. The insufficient sample size in single pioneer or replication studies of multiple SNPs, including DVWA, did result in a wide range of values of the ORs. However, we have provided a comprehensive overview of most of the relevant SNPs in OA or its subtypes.^[@R33]--[@R64]^ We have also updated all available studies on DVWA SNPs, and our results further support an association of SNP rs7639618 with OA as recently indicated.^[@R65],[@R66]^ In addition, we have performed multiple analyses including subgroup, heterogeneity, sensitivity, and meta-regression assessment. The results showed that our meta-analysis is stable and we have analyzed the sources of the heterogeneity as indicated above. Together, our results support that rs7639618 SNP is significantly associated with increased risk of knee OA in Asians. There was insufficient data to support an association between SNP rs7639618 and the risk of hip OA or OA in Caucasians, although further studies are required to validate this genetic epidemiology and to functionally characterize this DVWA variant with OA pathophysiology.
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